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Introduction

Hypothesis

Results

An increase in D-ala concentration
was linked to the formation of
denser biofilms (Liu, 2018). The
mechanism linking alr and D-ala to
biofilm formation is not yet
understood.

D-alanine (D-Ala) is an essential amino acid
that is part of the peptidoglycan layer (PG)
in gram-negative and gram-positive bacteria
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D-ala is produced by an enzyme called
alanine racemase (alr), which is
responsible for converting L-alanine to
D-alanine (Liu, 2018).
In unfavorable conditions such as osmotic pressures, bacteria cells form
layers of cells with a polysaccharide matrix as a survival mechanism
called a biofilm. Biofilms often grow on hospital surfaces and are
known to be difficult to remove acting as a health concern. Biofilms
formed by pathogenic bacteria such as Pseudomonas aeruginosa can
invade the human body leading to various infections or diseases.
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Therefore, I hypothesize that an increase in D-ala concentration
increases the ability of cells to make more cross-links, which increases
the viability in bacteria allowing them to make more biofilms.

Methods
To prevent the cell from naturally making D-alanine, the minimum
inhibitory concentration (MIC) of D-cycloserine was determined to
directly inhibit alr. D-alanine is then exogenously supplemented at
different concentrations (0mM and 0.2mM of D-ala) with or without
being treated with D-cycloserine. Cells were grown for 72 hours
shaking at 37ºC at 150rpm in a small petri dish. Cells were then
stained with crystal violet and absorbance measured. Brightfield
images of the cells stained with crystal violet are then taken.
Figure 2. Brightfield microscopy images taken of crystal-violet stained E.coli cells at 40x
magnification with different supplemented concentrations of D-alanine.

This study will analyze and observe the effects on PG cross-link
density and biofilm formation. An antibiotic called D-cycloserine will
be used to inhibit the alr enzyme that produces D-alanine to then
exogenously supplement the D-alanine with E.coli cells.

Conclusion/ Future Directions
The data presented in this experimentation showed no significance
within the results, so these results fail to reject the hypothesis. Some
alterations that can be made to the experimentation for future work is
altering the concentrations of D-ala, creating a mixture of D-ala + LB,
and cells to reduce error. In order to test crosslink density, osmotic
shock studies can be carried out creating a hypertonic environment to
observe PG elasticity through cell shrinkage.

Significance of Research
Multidrug-Resistant (MDR) P. Aeruginosa causes healthcareassociated infections in immunocompromised people. P.aeruginosa can
cause pneumonia, bloodstream infections, urinary tract infections and
surgical site infections. Some of these strains are resistant to nearly all
antibiotics making it more difficult to treat. In 2017, MDR P.aeruginosa
caused an estimated 32,600 infections amongst hospitalized patients,
2700 estimated deaths and $767M in healthcare costs.
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Figure 1. Statistics gathered by the CDC on cases of MDR P.aeruginosa in hospitalized patients.

Figure 3. Cell density of E.coli cells at varying D-alanine concentrations. The error bars represent the
standard deviation (SD) . P > 0.05.
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